During deep inferior epigastric artery perforator (DIEP) flap dissection, we noted that in many cases the superficial vein on the ipsilateral side of the flap was engorged and tense, and in others, it was empty. This led us to believe that the pressure is increased as the result of preferential outflow through the superficial vein in some cases, which could result in venous congestion of the flap if this vessel was not anastomosed. To test this hypothesis, we measured the venous pressure in the superficial venous system before and after flap dissection. The pressure in the superficial inferior epigastic vein of a DIEP flap was measured in 26 consecutive flaps to investigate the correlation between the pressure and venous congestion of the flap. The first measurement was performed at the beginning of the dissection, and the second measurement was taken after the flap had been completely raised on a single perforator. The mean increase in pressure after flap dissection was 10.6 mm Hg (m ¼ 10.6; range À1 to 31; Ó AE 7.0 mm Hg). Clinical signs of venous congestion were observed in one case. In this case, the increase in venous pressure was with 31 mm Hg, also the highest. Although the results of this report are preliminary, they indicate that the pressure in the superficial vein of DIEP flaps might be of predictive value for venous congestion.
Since its introduction by Koshima and Soeda, 1 the deep inferior epigastric artery perforator (DIEP) flap has developed into a reliable option in breast reconstructions. The flap provides a large bulk of autologous tissue, while maintaining minimal donor site morbidity. [2] [3] [4] [5] [6] Despite the fact that the reliability of the flap has increased as the result of technical improvements over the last decade, 7, 8 complications still occur. One of these complications is venous congestion, which may occur when outflow of the flap through the perforator vein is insufficient compared with the blood inflow. Venous congestion has been reported to occur in 5% of the flaps. 8 This problem usually can be solved by creating an additional venous drainage, using the superficial epigastric vein. 9, 10 Accurate assessment of the perfusion of free tissue transfers has always been a challenge for surgeons undertaking microvascular reconstructive procedures, and there are a range of contemporary techniques in clinical use and currently in development. 11 It is well recognized that surgical experience is an important predictor for flap survival, 12 and recent advances in technology and improvements in surgical technique have led to reported success rates between 95 and 98%. 13, 14 Taking into account that DIEP flaps are considered as time-consuming and complex procedures with inherent risks and psychological ramifications to the patient, it is crucial to optimize chances of a successful outcome.
Clinical tests used to detect venous congestion such as inspection (to assess color), palpation (to assess turgor and temperature), and capillary refill of the flap are still commonly used, 15, 16 although animal tests have shown that change in color and increased refill are relatively late signs of venous congestion. 17 Because these tests often only becomes positive after the microsurgical anastomosis is completed, this potentially increases operative times.
Adjunctive techniques used to monitor flaps postoperatively include near-infrared spectroscopy, [18] [19] [20] indocyanine-green fluorescence video angiography, 21 simultaneous noninvasive laser Doppler flowmetry and tissue spectrophotometry, 22 and modified oxygen microelectrode combined with laser Doppler flowmetry.
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At the end of the DIEP flap dissection, we noted that in many cases the superficial vein on the ipsilateral side of the flap was engorged and tense, and in others, it was empty. This led us to believe that the pressure might be increased in some cases and could eventually result in venous congestion. To test this hypothesis, we measured the venous pressure in the superficial venous system before and after flap dissection.
MATERIALS AND METHODS

Design of Study
The venous pressure in the ipsilateral superficial inferior epigastic vein (SIEV) of a DIEP flap was measured in 26 consecutive flaps. The first measurement was performed at the beginning of the dissection of the flap and was regarded as the normal pressure in the superficial venous system. The second measurement was taken after the dissection of the flap had been completed and the flap was raised on a single deep inferior epigastric perforator.
To investigate if there was a correlation between the change in pressure and venous congestion, the flaps were evaluated during surgery (prior to pedicle division and after the microsurgical anastomosis was completed) as well as a week postoperatively for any signs of venous congestion. The pressure measurements of the SIEV were only performed during surgery, so no measurements were performed during the postoperative checkups.
Because this is a pilot study, the criteria used to connect the superficial system to the cephalic vein were any sign of venous congestion or a caliber of 1.5 mm or larger of the SIEV. The results of our measurements did not influence this decision.
Preoperative computer tomographic angiography was performed to decide which perforator was best suited to base the flap on.
Patient Characteristics
The age, sex, indication for surgery, American Society of Anesthesiologists (ASA) classification, nicotine use, received radiotherapy, type of anastomosis, receiving vessels, ischemia time, anastomotic time, surgery time, need of a revision, and surgical outcome of all patients were noted.
The study included 20 unilateral and three bilateral reconstructions. The age of the patients included ranged from 38 to 63 years (m ¼ 50; Ó AE 6.0). The ASA classification ranged from one to three (m ¼ 2). Two patients were treated for hypertension. No patients used corticosteroids or had cardiovascular problems or diabetes mellitus. None of the patients smoked during admission for surgery, and 54% of patients received preoperative radiotherapy. All breast reconstructions were for oncological reasons, with four immediate breast reconstructions and 22 delayed reconstructions.
The internal mammary artery was the recipient site in the majority of cases (n ¼ 24). The circumflex scapular artery was the recipient vessel in two cases (n ¼ 2). The respective vein was used for the venous anastomosis. All arterial and venous anastomoses were done in an end-to-end fashion. In five flaps, a second venous anastomosis was performed as the diameter of the SIEV was 1.5 mm or larger, and in one case, signs of venous congestion were observed. The cephalic vein was used in all cases as the recipient Table 1 ).
Venous Pressure Measurement
To measure the pressure in the SIEV, a 22-gauge venflon (Becton Dickinson, Helsingborg, Sweden) was connected to a disposable pressure transducer (Becton Dickinson). The tip of the venflon was inserted into the vein, which had been isolated, securing the vein around it by gentle manipulation of the hand. After the tip was inserted, the microvascular clamp (S&T, Neuhausen, Switzerland) was removed and the pressure was measured (see Fig. 1 ).
RESULTS
Of the 26 flaps used for this study, the pressure in the ipsilateral SIEV could be measured in 25. In one case, the pressure could not be measured as the caliber of the vein was too small to allow insertion of the cannula.
Venous Pressure Measurements
The mean pressure in the SIEV at the start of flap dissection was 2.2 mm Hg (m ¼ 2.2; range 0 À 4; Ó AE 1.1 mm Hg). The mean pressure after completion of flap dissection was 12.8 mm Hg (m ¼ 12.8; range 0 to 32; Ó AE 6.8 mm Hg). The mean increase in pressure after flap dissection was 10.6 mm Hg (m ¼ 10.6; range À 1 to 31; Ó AE 7.0 mm Hg; Table 2 ).
Clinical signs of venous congestion were observed in one case out of the 26 (4%). In this case, the increase in venous pressure was also the highest, 31 mm Hg. At the time of this measurement, no signs of congestion were visible. The clinical signs (increasing turgor, delayed capillary refill, blue coloration) became apparent 10 minutes after the pressure in the SIEV was measured. In this case, the superficial vein was anastomosed to the cephalic vein to augment venous outflow of the flap. After the superficial vein was anastomosed, the signs of venous congestion resolved. In one case, the pressure in the SIEV decreased to 0. In the other cases, the pressure increased without clinical signs of venous congestion, either during surgery or postoperatively. No differences were seen in the increased pressure between the unilateral and bilateral reconstructions.
DISCUSSION
This study was undertaken to try to find a simple, accurate, and objective method to measure the pressure in the superficial system to identify those at risk of venous congestion that requires an additional venous anastomosis. We describe a simple technique using a Figure 1 The tip of the venflon inserted into the superficial inferior epigastic vein, which had been isolated. The vein is being manipulated around the tip of the venflon using microsurgical forceps. 
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22-gauge venflon connected to a disposable pressure transducer, which are both commonly used by anesthetists.
In our pilot study of 26 flaps, one episode of intraoperative venous congestion was observed. In this case, the increase of venous pressure after dissection was the highest at 31 mm Hg. After we had performed a second venous anastomosis (superficial epigastric vein to the cephalic vein), as expected, the signs of venous congestion resolved. In the case that read a pressure in the SIEV of 0, there was an exceptionally large-caliber vein in the deep system. In the other cases where the pressure increased, no signs of venous congestion were observed either intra-or postoperatively.
In 1999, Villafane et al 9 reported the importance of the superficial system. They used the SIEV as a lifeboat in a complicated case. After a thrombus formed twice in the deep inferior epigastric vein, it was no longer useable for drainage. The flap was saved by anastomosing the SIEV via a vein graft to the circumflex scapular vein. 9 Blondeel et al 10 investigated the SIEV in an anatomic study in 15 fresh cadavers and three abdominoplasty specimens and retrospectively reviewed 249 DIEP and 279 transverse rectus abdominal muscle microvascular breast reconstructions. They recommended using the SIEV if it is wider than 1.5 mm as secondary if not primary venous anastomoses. 10 This was affirmed by other clinical and anatomic studies. 18, 23, 24 Although this criterion is widely applied today, the diameter of the SIEV might not be an absolute predictor for venous congestion. A recent study did not show a direct correlation between vessel diameters of superficial and deep inferior epigastric systems, meaning the diameter of the SIEV can be relatively large, but the deep venous system is still large enough to drain the complete flap.
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The advantage of the technique described in this article is that it offers direct information about the venous pressure in the superficial system and thus if the SIEV should be anastomosed or not. If the pressure is increased, the preparation for the second anastomosis can be made together with the preparation of the donor site, thus potentially saving operative time. Also, the results of this study indicate that the pressure in the SIEV rises before clinical signs of congestion are observed. This means that a possible complication can be acted on in an earlier phase, making the chance on severe complications smaller.
Because this is a pilot study, the results of this study need to be confirmed in a larger population, especially taking into consideration that in the current population venous congestion was observed only once. Apart from confirming our findings in a larger population, this pilot study also raises some questions among others about the redistribution of flow in a flap after harvest on the perforator vessels, for example, how the pressure will change after flap transfer and microsurgery and if the pressure will come back to the baseline after surgery. Also, the pressure in the contralateral SIEV could be of interest; in a unilateral reconstruction, for example, this might give an indication of the amount of flap that can be safely taken beyond the midline.
Compared with new monitoring techniques, the advantage of the described technique is that it is simple, inexpensive, and easy to use. The materials used to measure the venous pressure are commonly used by anesthesiologists and are therefore at hand. And because these materials are disposable, they do not need to be sterilized afterward or bagged before use.
CONCLUSION
Although the results of this report are preliminary, it indicates that the pressure in the superficial vein of DIEP flaps might be of predictive value for venous congestion. A study with a larger population needs to be performed to confirm the expectations this study brings forth.
